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AB A process for the preparation of lansoprazole I (X = 0) comprising of 
2 -steps: condensation of pyridine II or its salt with 2- 

mercaptobenzimidazole in the presence of a halogenating agent and oxidation 
of sulfide I (X = absent) with hydrogen peroxide in the presence of 
benzeneseleninic acid as a catalyst is disclosed. For example, to a 
suspension of sulfide I (X = absent, 4.24 mmol), prepared from pyridine II 
and 2-mercaptobenzimidazole in 1-step, and benzeneseleninic acid (0.0106 
mmol) in CH2C12 (30 mL) was added tert-butanol (2 mL) and 35.7% hydrogen 
peroxide (4.46 mmol) at a temperature below 10 °C. After completion of 
the reaction, the reaction mixture was cooled to 5 °C, and an aqueous 
solution of Na2S203 (0.4 g/20 mL) added at a temperature below 10 °C. The 
mixture was vigorously stirred for 30 min., the organic layer separated, washed 
with water (20 mL) , dried over anhydrous Mg2S04, and concentrated under reduced 
pressure to afforded after recrystn. lansoprazole in 95% yield. 
The present process minimizes the production of 2- [3-methyl-4- (2, 2 , 2- 
trifluoroethoxy) -2-pyridyl] methylsulf inyl -lH-benzimidazole N-oxide 
byproduct by a simple and economic oxidation method. Lansoprazole 
is well known as a major component of an anti-ulcer agent having excellent 
gastric acid secretion inhibiting action and gastric mucous membrane 
protecting action. 

NO HIGHLIGHTING INFORMATION PRESENT 
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AB The invention provides a process for the preparation of mercaptobenzimidazoles 
I (R = OMe or OCHF2) via hydrogenation of compds . II (X = N02) in the 
presence of Raney nickel to the corresponding amines II (X = NH2) followed 
by treatment with CS2 in the presence of KOH. The use of Raney nickel as 
catalyst instead of previously reported palladium not only gave high 
purity of the amines, but also it is cost effective. In the second step, 
potassium Et xanthate salt, formed from the reaction of carbon disulfide 
with the base, was suggested to act as cyclizing agent and permit the 
cyclization and subsequent deacetylation of the generated intermediate 
simultaneously in one pot, making the process simple and efficient. E.g., 
p-anisidine was N-acylated with acetic anhydride followed by nitration 
with nitric acid to afford II (R = OMe, X = N02) . This compound underwent 
Raney nickel -catalyzed hydrogenation, and subsequent reaction of the 
resulting amine II (R = OMe, X = NH2) with CS2 in the presence of KOH 
furnished I (R = OMe) . Compds. I are key intermediates in the synthesis 
of H+/K+-ATPase irreversible inhibitors, such as omeprazole, 
lansoprazole, pantoprazole and rabeprazole. 
NO HIGHLIGHTING INFORMATION PRESENT 
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AB A process was disclosed for the preparation of sulf inylbenzimidazoles, such as 
I [Rl, R3 = H, Me, alkoxy; R2 = alkoxy; R4 = H, alkoxy; n = 1] free of 
oxidation contaminants, via oxidation of the corresponding 
sulfenylbenzimidazoles I (n = 0) using metal hypohalites for therapeutic 
use in pharmaceutical compns . for the treatment of gastric ulcers. Thus, 
the sodium salt of rabeprazole I [Rl = H, R2 = 0(CH2)30Me, R3 = H, n = lj 
was prepared via oxidation of the corresponding sulf enylbenzimidazole I [Rl = 
H, R2 = 0(CH2)30Me, R3 = H, n = 0] using a 3.8% sodium hypochlorite solution, 
sodium hydroxide and pyridine in water. 
NO HIGHLIGHTING INFORMATION PRESENT 
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benzimidazole or imidazopyridine derivs . They are all prodrugs that 
inhibit the acid-secreting gastric (H+, K+) -ATPase by acid activation to 
reactive thiophiles that form disulfide bonds with one or more cysteines 
accessible from the exoplasmic surface of the enzyme. This unique 
acid-catalysis mechanism had been ascribed to the nucleophilicity of the 
pyridine ring. However, the data obtained here show that their conversion 
to the reactive cationic thiophilic sulfenic acid or sulfenamide depends 
mainly not on pyridine protonation but on a second protonation of the 
imidazole component that increases the electrophilicity of the C-2 
position on the imidazole. This protonation results in reaction of the 
C-2 with the unprotonated fraction of the pyridine ring to form the 
reactive derivs. The relevant PPI pica's were determined by UV spectroscopy of 
the benzimidazole or imidazopyridine sulf inylmethyl moieties at different 
medium pH. Synthesis of a relatively acid stable analog, Nl-Me 
lansoprazole, allowed direct determination of both pKa values of this 
intact PPI allowing calcn. of the two pKa values for all the PPIs. These 
values predict their relative acid stability and thus the rate of reaction 
with cysteines of the active proton pump at the pH of the secreting 
parietal cell. The PPI accumulates in the secretory canaliculus of the 
parietal cell due to pyridine protonation then binds to the pump and is 
activated by the second protonation on the surface of the protein to allow 
disulfide formation. 
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AB The present invention discloses improved processes for preparing substituted 
2- (2-pyridylmethyl) sulf inyl -lH-benzimidazoles , such as I [Rl, R2, R4 = H, 
alkyl, alkoxy; R3 = H, alkyl; Z = SO] , via selective oxidation of a thioether 
compound II (Z = S) , with an oxidizing agent selected from the group 
consisting of tert-Bu hydroperoxide in the presence of a catalyst, 
vanadium acetylacetonate, oxone and potassium peroxymonosulfate. 
NO HIGHLIGHTING INFORMATION PRESENT 
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AB The thioether compds . , such as 5-methoxy-2- (3, 5 -dimethyl -4 -methoxy-2- 

pyridylmethylthio) -lH-benzimidazole, 2- [3 -methyl -4 --2 -pyridylmethylthio] - 
lH-benzimidazole, 5-dif luoromethoxy-2- (3 , 4 -dimethoxy-2 -pyridylmethylthio) - 
lH-benzimidazole, 2- [4- (3-methoxypropoxy) -3 -methyl -2 -pyridylmethylthio] -1H- 
benzimidazole, or (diphenylmethyl ) thioacetamide, were oxidized to 
sulfoxide by using tert-Bu hydroperoxide (tert-Bu hypochlorite, NaCIO, 
H202, perbenzoic acid, or 3 -chloroperbenzoic acid) in nonprotic solvent 
(such as dichloromethane, chloroform, CC14, acetone, Et acetate, etc) in 
the presence of catalyst (0.5-10%) at 0-25°. The catalyst is 
titanium tetraisopropoxide, bis (pentane-2 , 4 -dionato) vanadium oxide, 
bis (pentane-2 , 4 -dionato) copper (II), bis (pentane-2 , 4 -dionato) cobalt (II), 
tris (pentane-2 , 4 -dionato) iron (III), bis (pentane-2 , 4 -dionato) manganese (II), 
or tris (pentane-2, 4 -dionato) chromium (I II) . 
NO HIGHLIGHTING INFORMATION PRESENT 



LI ANSWER 6 OF 30 CASREACT COPYRIGHT 2005 ACS on STN 



ACCESSION NUMBER: 
TITLE: 

INVENTOR (S) : 
PATENT ASSIGNEE (S) : 

SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



14 0:146140 CASREACT 

Preparation of lansoprazole and related 

compounds 

Finkelstein, Nina 

Teva Pharmaceutical Industries Ltd., Israel; Teva 

Pharmaceuticals USA, Inc. 

PCT Int . Appl . , 18 pp. 

CODEN: PIXXD2 ' 

Patent 

English 

1 



PATENT NO. 
WO 2004011455 



KIND DATE 
Al 20040205 



APPLICATION NO. DATE 

WO 2003-US23588 20030728 



10/646,059 



W: AE, 


AG, 


ALi, 


AM, 


AT, 


AU, 


AZ, 


BA, 


BB, 


BG, 


BR, 


BY, 


BZ, 


CA, 


CH, 


CN, 


CO, 


CR, 


CU, 


CZ, 


DE, 


DK, 


DM, 


DZ, 


EC, 


EE, 


ES, 


FI , 


GB, 


GD, 


GE, 


GH, 


GM, 


HR, 


HU, 


ID, 


IL, 


IN, 


IS, 


JP, 


KE, 


KG, 


KP, 


KR, 


KZ, 


LC, 


LK, 


LR, 


LS, 


LT, 


LU, 


LV, 


MA, 


MD, 


MG, 


MK, 


MN, 


MW, 


MX, 


MZ, 


NI, 


NO,, 


NZ, 


OM, 


PG, 


PH, 


PL, 


PT, 


RO, 


RU, 


SC, 


SD, 


SE, 


SG, 


SK, 


SL, 


SY, 


TJ, 


TM, 


TN, 


TR, 


TT, 


TZ, 


UA, 


UG, 


US, 


UZ, 


vc, 


VN, 


YU, 


ZA, 


ZM, 


ZW 








RW: GH, 


GM, 


KE, 


LS, 


MW, 


MZ, 


SD, 


SL, 


SZ, 


TZ, 


UG, 


ZM, 


ZW, 


AM, 


AZ, 


BY, 


KG, 


KZ, 


MD, 


RU, 


TJ, 


TM, 


AT, 


BE, 


BG, 


CH, 


CY, 


cz, 


DE, 


DK, 


EE, 


ES, 


FI, 


FR, 


GB, 


GR, 


HU, 


IE, 


IT, 


LU, 


MC, 


NL, 


PT, 


RO, 


SE, 


SI, 


SK, 


TR, 


BF, 


BJ, 


CF, 


CG, 


CI, 


CM, 


GA, 


GN, 


GQ, 


GW, 


ML, 


MR, 


NE, 


SN, 


TD, 


TG 


1467987 




Al 


20041020 




EP 2003-748985 


20030728 






R: AT, 


BE, 


CH, 


DE, 


DK, 


ES, 


FR, 


GB, 


GR, 


IT, 


LI, 


LU, 


NL, 


SE, 


MC, 


PT, 


IE, 


SI, 


LT, 


LV, 


FI, 


RO, 


MK, 


CY, 


AL, 


TR, 


BG, 


cz, 


EE, 


HU, 


SK 





PRIORITY APPLN. INFO, : US 2002-398686P 20020726 

WO 2003-US23588 20030728 

OTHER SOURCE (S) : MARPAT 140:146140 



R2 



R4 




I 




AB The present invention provides a process for preparing lansoprazole 

(LNP) and related compds . I (Rl, R2, R4 = H, alkyl, alkoxy; R3 = H, alkyL) 
having a high yield and a low level of impurities by oxidation of 
corresponding sulfides II with tert-Bu hydroperoxide (TBHP) , catalyzed by 
a catalyst vanadium oxytrichloride in an organic solvent selected from the 
group consisting of a C1-C5 alkanol, decane, nonane, toluene and a mixture 
of the organic solvent and water, preferably in the presence of a base. 
Thus, oxidation of 2 - [ [ [3 -methyl -4 - (2 , 2 , 2-trif luoroethoxy) -2- 
pyridinyl] methyl] sulfinyl] -lH-benimidazole with TBPH in isopropanal in the 
presence of Et2NH and VOC13 at 10° for 16 h gave 90% 
lansoprazole. 

NO HIGHLIGHTING INFORMATION PRESENT 
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RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



LI ANSWER 7 OF 30 
ACCESSION NUMBER: 
TITLE: 



CASREACT COPYRIGHT 2005 ACS on STN 
140:111413 CASREACT 

Preparation of Mg salt of [(substituted 



10/646,059 



INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



pyridyl) methyl] sulf inyl-lH-benzimidazole derivatives 
Cui, Mingquan; He, Chuanhua; Wang, Xiaoling; Li, Lan; 
Peng, Jiankun; Qiu, Yu 

Chengdu Yaoyou Science and Technology Development Co. 
Ltd., Peop. Rep. China 

Faming Zhuanli Shenqing Gongkai Shuomingshu, 8 pp. 

CODEN: CNXXEV 

Patent 

Chinese 

1 



PATENT NO. KIND DATE APPLICATION NO. DATE 



CN 1367172 A 20020904 CN 2002-113294 20020130 

PRIORITY APPLN. INFO. : CN 2002-113294 20020130 

AB The Mg salts of [(substituted pyridyl ) methyl] sulf inyl -lH-benzimidazole 

derivs. are prepared by the reaction of [(substituted 

pyridyl ) methyl] sulf inyl- lH-benzimidazole derivs. with soluble Mg salt (such 
as MgC12 or Mg(N03)2) (at a molar ratio of 1:0.45- 0.55) in alkaline solution 

at 

pH 9-13. 

NO HIGHLIGHTING INFORMATION PRESENT 
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AB Almost anhydrous lansoprazole (1/ already know as antiulcer agent) 

is prepared by dissolving solvate and/or hydrate of I in solvent, 
crystallizing by 

aqueous alkali, and drying at low temperature Thus 

1.5%) 

was dissolved in DMF, treated with ammonia at pH 9, 
40° for 12 h to give white I crystals, which contained 0.04% H20. 
NO HIGHLIGHTING INFORMATION PRESENT 
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The present invention describes a new process for the intermediate preparation 
of omeprazole, lansoprazole and pantoprazole , and which 

involves the formation of pyridines N-oxide using a rhenium compound as a 
catalyst, followed by nitration of the 4-position with nitric acid fuming 
in presence of a claycop. The chlorination of the 2 -Me group of pyridine 
was achieved by using the POCI3/Et3N, which allowed the preparation of the 
derivs. 2 -chloromethylpyridines in only one step. These derivs . reacted 
with the mercaptobenzimidazolic derivs. in presence of ultra-sonic 
radiation, giving the thioethers . The oxidation of these thioethers was done 
with several oxidizing agents and the required anti-ulcer compds . were 
obtained after the substitution of nitro group by the corresponding OR 
groups. Thus, Omeprazole was prepared by oxidation of 2 , 3 , 5-colidine with 
hydrogen peroxide in presence of methyl trioxorhenium catalyst; nitration; 
chlorination to form 2-chloromethyl-3 , 5 -dimethyl -4 -nit ropyridine; reaction 
with 5-methoxy-2-mercaptobenzimidazole; oxidation; and reaction with sodium 
methoxide . 

NO HIGHLIGHTING INFORMATION PRESENT 



REFERENCE COUNT: 



THERE ARE 6 CITED REFERENCES AVAILABLE FOR THIS 
RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



LI ANSWER 10 OF 30 CASREACT COPYRIGHT 2005 ACS on STN 



ACCESSION NUMBER: 
TITLE: 

INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



139:149633 CASREACT 

A method for eliminating sulfone formation in the 
synthesis of pyridine-benzimidazole sulfoxides 
Uensal , Seraf ettin 

Ulkar Kimya Sanayii Ve Ticaret Anonim Sirketi, Turk. 

PCT Int . Appl . , 14 pp. 

CODEN: PIXXD2 

Patent 

English 

1 



PATENT NO. 



KIND DATE 



APPLICATION NO. DATE 



WO 2003062223 Al 20030731 WO 2002-TR58 20021001 

W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, 

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI , GB, GD, GE, GH, 

GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 



10/646, 059 





LS, 


LT, 


LU, 


LV, 


MA, 


MD, 


MG, 


MK, 


MN, 


MW, 


MX, 


MZ, 


NO, 


NZ, 


OM, 


PH, 




PL, 


PT, 


RO, 


RU, 


SD, 


SE, 


SG, 


SI, 


SK, 


SL, 


TJ, 


TM, 


TN, 


TR, 


TT, 


TZ, 




UA, 


UG, 


US, 


UZ, 


VN, 


YU, 


ZA, 


ZM, 


ZW 
















RW: 


GH, 


GM, 


KE, 


LS, 


MW, 


MZ, 


SD, 


SL, 


SZ, 


TZ, 


UG, 


ZM, 


ZW, 


AM, 


AZ, 


BY, 




KG, 


KZ, 


MD, 


RU, 


TJ, 


TM, 


AT, 


BE, 


BG, 


CH, 


CY, 


cz, 


DE, 


DK, 


EE, 


ES, 




FI, 


FR, 


GB, 


GR, 


IE, 


IT, 


LU, 


MC, 


NL, 


PT, 


SE, 


SK, 


TR, 


BF, 


BJ, 


CF, 




CG, 


CI, 


CM, 


GA, 


GN, 


GQ, 


GW, 


ML, 


MR, 


NE, 


SN, 


TD, 


TG 








1476441 




Al 


20041117 




EP 2002-806580 


20021001 






R : 


AT, 


BE, 


CH, 


DE, 


DK, 


ES, 


FR, 


GB, 


GR, 


IT, 


LI, 


LU, 


NL, 


SE, 


MC, 


PT, 




IE, 


SI, 


LT, 


LV, 


FI, 


RO, 


MK, 


CY, 


AL, 


TR, 


BG, 


cz, 


EE, 


SK 







PRIORITY APPLN. INFO.: TR 2002-186 20020123 

WO 2002-TR58 20021001 

OTHER SOURCE(S): MARPAT 139:149633 

AB A process is described for the elimination of sulfone analogs in 

contaminated pyridine-benzimidazole sulfoxide products. The purification 
process comprises treatment of semi -pure benzimidazole derivs. [e.g., 
2- [ [3 -methyl -4- (2 , 2 , 2-trif luoroethoxy) pyridin-2- 

yl] methyl sulfinyl] benzimidazole] with solid K2C03 in ale. medium (e.g., 
aqueous ethanol) at elevated temps, and by oxidation of the corresponding 
thioether [e.g. , 2- [ [ [3 -methyl -4- (2 , 2 , 2-trif luoroethoxy) pyridin-2- 
yl] methyl] thio] benzimidazole] with peracids (e.g., m-chloroperbenzoic 
acid) . 
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sulfoxides 

with 30% aqueous H202 in the presence of cinchona alkaloids under 
heterogeneous conditions affords chiral sulfoxides in high yields with 
moderate to good enantioselectivities . For example, the oxidation of 
2- [ [ [3-methyl-4- (2 , 2 , 2-trif luoroethoxy) - 2 -pyridinyl] methyl] thio] -1H- 
Benzimidazole with hydrogen peroxide in the presence of tungsten oxide 
(W03) and (DHQD) 2-PYR gave 2- [ (R) -[ [3-methyl -4 - (2 , 2 , 2-trif luoroethoxy) -2- 
pyridinyl] methyl] sulfinyl] -lH-Benzimidazole [ (R) - (+) -lansoprazole 
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AB Lansoprazole is optically resolved by allowing to react with 

chiral binaphthol (at a molar ratio of 1:2-6) in organic solvent for 12-72 h, 

standing at 10-30° for 5-48 h, filtering to inclusion compound with 

one optical configuration, separating lansoprazole and binaphthol 

from the inclusion compound on chromatog. column to obtain oily or syrup 

lansoprazole; treating with 1-10% inorg. base solution at 

50-120° for 5 min-2 h to pH 10-13 to obtain colorless or light 

yellow lansoprazole solution; cooling in ice-salt bath for 1-3 h 

and at -20 to 10° for 5-20 h to obtain white amorphous solid of 

lansoprazole; and recrystg. to obtain white crystal of 

lansoprazole. 
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AB The invention relates to an improved process for the preparation of 

benzimidazole-type proton pump inhibitors, including the antiulcer agents 
rabeprazole, omeprazole, pantoprazole, lansoprazole, and 
esomeprazole. The method provides for efficient removal of sulfone 
impurities in the oxidative production of these sulfoxide drugs. 
Specifically, the method concerns preparation of sulfoxides I [Rl, R2 = H, OMe, 
OCHF2 ; R3, R4 , R5 = H, Me, OMe, methoxypropoxy , trif luoroethoxy] by oxidation 
of the corresponding sulfides II, followed by extraction of the sulfone 
byproducts III with an aqueous alkaline solution at controlled pH. In 

particular, 

the reaction mixture is extracted with an aqueous alkaline solution of pH 
9.50-12.00, and 

the aqueous layer containing III is removed. The organic layer is then 
extracted with an 

aqueous alkaline solution of pH 13.0 or higher, and the organic layer 
containing impurities 

is removed. Finally, sulfoxides I are isolated from the aqueous layer. By 
more efficiently removing the sulfone, the method allows for use of higher 
amts. of oxidizing agent, leading to increased yields. For example, the 
sulfide precursor of rabeprazole, IV (X = S) , was oxidized with 0.88 equiv 
m-CPBA in CH2C12 at -20° over 1.5 h. The reaction mixture was diluted, 
with H20 and the pH adjusted to 10.40 with 10% NaOH, then to 10.85 with 
aqueous NH3 . The aqueous layer (sulfone) was removed, and the organic layer 

was 

treated with H20 and the pH raised to 13.0 with 10% NaOH. The organic layer 
(impurities) was removed, and the aqueous layer (sulfoxide) was treated with 
CH2C12 and adjusted to pH 10.5 with aqueous NH40Ac. The organic layer 
(sulfoxide) was removed and concentrated, and the residue crystallized from 
acetone 

to give rabeprazole, i.e., IV (X = SO) in 57% yield. In contrast, a 
similar, standard preparation of rabeprazole, using 0.60 equiv m-CPBA and a 
single 
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extraction at pH 13.0, gave only 44% yield. In both cases, the level of 
sulfone IV (X = S02) , <, 0.8%, was pharmaceutical ly acceptable. In 
another experiment, sulfone levels were compared in the prepns . of 3 drugs 
(new/standard): rabeprazole 0.33%/0.78%, omeprazole 0.26%/0.53% / and 
lansoprazole 4.1%/11.3% (sic). 
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REFERENCE COUNT: 3 THERE ARE 3 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



LI ANSWER 14 OF 30 CASREACT COPYRIGHT 2005 ACS on STN 



ACCESSION NUMBER: 
TITLE: 

INVENTOR (S) : 

PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



138:39192 CASREACT 

Regioselective chlorination process for the 

preparation of 4-chloropyridine-N-oxides 

De Bode, Ronus; Liebregts, Constantinus Simon Maria; 

Zwaan, Wilhelmus 

DSM N.V. , Neth. 

PCT Int. Appl . , 10 pp. 

CODEN: PIXXD2 

Patent 

English 

1 



PATENT NO. 



KIND DATE 



APPLICATION NO. DATE 



WO 2002102779 Al 20021227 WO 2002-NL379 20020611 



W: AE, 


AG, 


AL, 


AM, 


AT, 


AU, 


AZ, 


BA, 


BB, 


BG, 


BR, 


BY, 


BZ, 


CA, 


CH, 


CN, 


CO, 


CR, 


cu, 


cz, 


DE, 


DK, 


DM, 


DZ, 


EC, 


EE, 


ES, 


FI, 


GB, 


GD, 


GE, 


GH, 


GM, 


HR, 


HU, 


ID, 


IL, 


IN, 


is, 


JP, 


KE, 


KG, 


KP, 


KR, 


KZ, 


LC, 


LK, 


LR, 


LS, 


LT, 


LU, 


LV, 


MA, 


MD, 


MG, 


MK, 


MN, 


MW, 


MX, 


MZ, 


NO, 


NZ, 


OM, 


PH, 


PL, 


PT, 


RO, 


RU, 


SD, 


SE, 


SG, 


si, 


SK, 


SL, 


TJ, 


TM, 


TN, 


TR, 


TT, 


TZ, 


UA, 


UG, 


US, 


UZ, 


VN, 


YU, 


ZA, 


ZM, 


ZW, 


AM, 


AZ, 


BY, 


KG, 


KZ, 


MD, 


RU, 


TJ, 


TM 






























RW: GH, 


GM, 


KE, 


LS, 


MW, 


MZ, 


SD, 


SL, 


sz, 


TZ, 


UG, 


ZM, 


ZW, 


AT, 


BE, 


CH, 


CY, 


DE, 


DK, 


ES, 


FI, 


FR, 


GB, 


GR, 


IE, 


IT, 


LU, 


MC, 


NL, 


PT, 


SE, 


TR, 


BF, 


BJ, 


CF, 


CG, 


CI, 


CM, 


GA, 


GN, 


GQ, 


GW, 


ML, 


MR, 


NE, 


SN, 


TD, 


TG 



NL 1018295 C2 20021217 NL 2001-1018295 20010615 

PRIORITY APPLN. INFO. : NL 2001-1018295 20010615 

OTHER SOURCE(S): MARPAT 138:39192 

GI 



CI 




II 



AB 4-Chloropyridine-N-oxides (I; R1-R3 = H, alkyl, alkoxy; R4 = alkyl, 

alkoxy; e.g., 4 -chloro-2 , 3-dimethylpyridine-N-oxide) are prepared in high 
yield and selectivity by the regioselective chlorination of the 
corresponding 4-H-pyridine-N-oxides (e.g. , 2 , 3 -dimethylpyridine-N-oxide) 
with C12. I are intermediates used in the preparation of pharmaceuticals, for 
example omeprazole, pantoprazole, rabeprazole, and lansoprazole 
(no data) . 
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AB A process for the preparation of lansoprazole I (X = O) comprising of 
2 -steps: condensation of pyridine II or its salt with 2- 

mercaptobenzimidazole in the presence of a halogenating agent and oxidation 
of sulfide I (X = absent) with hydrogen peroxide in the presence of 
benzeneseleninic acid as a catalyst is disclosed. For example, to a 
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suspension of sulfide I (X = absent, 4.24 mmol), prepared from pyridine II 

and 2-mercaptobenzimidazole in 1-step, and benzeneseleninic acid (0.0106 

mmol) in CH2C12 (30 mL) was added tert-butanol (2 mL) and 35.7% hydrogen 

peroxide (4.46 mmol) at a temperature below 10 °C. After completion of 

the reaction, the reaction mixture was cooled to 5 °C, and an aqueous 

solution of Na2S203 (0.4 g/20 mL) added at a temperature below 10 °C. The 

mixture was vigorously stirred for 30 min., the organic layer separated, washed 

with water (20 mL) , dried over anhydrous Mg2S04, and concentrated under reduced 

pressure to afforded after recrystn. lansoprazole in 95% yield. 

The present process minimizes the production of 2- [3-methyl-4- (2,2,2- 

trif luoroethoxy) -2-pyridyl] methylsulf inyl-lH-benzimidazole N-oxide 

byproduct by a simple and economic oxidation method. Lansoprazole 

is well known as a major component of an anti-ulcer agent having excellent 

gastric acid secretion inhibiting action and gastric mucous membrane 

protecting action. 
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AB The proton pump inhibitor, lansoprazole (I) has been prepared in 

eight steps from 3-methyl -4 -nitropyridine 1-oxide in 36% overall yield. 
The key step in the process is the selective oxidation of sulfide II to I 
using hydrogen peroxide with a heterogeneous catalyst, LiNbMo06 . 
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AB RZR1 (I; Z = SO) [R = (un) substituted lH-benzimidazol-2-yl ; Rl = 

(un) substituted 2-pyridinyl] were prepared by selective oxidation of I (Z 
with tert-Bu hydroperoxide or oxone. Oxidation with tert-Bu hydroperoxide 
were performed in the presence of VO(acac)2, silica bound V205 and NaV03 . 
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AB Lansoprazole (I) was prepared by coupling of 2- 

mercaptobenzimidazole (II) with 2-hydroxymethyl -3 -methyl -4 - (2 , 2 , 2- 



10/646, 059 



trif luoroethoxy) pyridine (III) in the presence of a phosphine and a 
dialkyl azodicarboxylate followed by treatment of the sulfide intermediate 
with oxidant in a mixture of water and an organic solvent in the presence of an 
organic free radical and a phase transfer catalyst. Thus, II, III, and Ph3P 
in THF were treated dropwise with di-Et azodicarboxylate (DEAD) in THF at 
room temperature, and stirred for 1 h to give 95% 2 - [3 -methyl -4- (2 , 2 , 2- 
trif luoroethoxy) -2 -pyridyl] methyl thio-lH-benzimidazole . The latter with 
tetramethyl-l-piperidinyloxy (TEMPO) in THF, was combined with 
tetrabutyl ammonium chloride in water. The resulting mixture was cooled to 
0° and aqueous NaOCl was added over 2 h at 0° followed by 
stirring for 10 min at 0° and then for 10 min at 20° to give 
90% I. 
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Microbial oxidation of 2- [4- (3-methoxypropoxy) -3-methylpyridin-2- 
yl] methylthiobenzimidazole to a useful proton pump inhibitor, sodium 
2- [ [4- (3-methoxypropoxy) -3 -methylpyridin-2 -yl] methyl sulfinyl] -1H 
benzimidazole (Rabeprazole) , was examined in over 650 microorganisms. 
Rabeprazole- forming activity was distributed in molds. The mold with the 
highest activity was identified as Cunninghamella echinulata. Glucose, 
when added to the reaction mixture, gave the highest accumulation of 
Rabeprazole (6.9 mM, 2.5 g 1-1) with a molar conversion ratio of 92% 
without the formation of the sulfone form as undesired product and 
resulted in the exclusive formation of (S) enantiomer (>99% e.e.). 
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* STRUCTURE DIAGRAM TOO LARGE FOR DISPLAY - AVAILABLE VIA OFFLINE PRINT * 

AB The invention relates to a method for obtaining derivs. of 

[[ (subs tituted-pyridyl ) methyl] thio] benzimidazoles , i.e., I [wherein Rl, 
R3, R4 = H, Cl-6 alkyl, alkoxy, or f luoroalkoxy; R2 = N02, halo, Cl-6 
alkoxy or haloalkoxy, or 0(CH2)nOR8; n = 1-6; R8 = H or Cl-6 alkyl] . The 
method involves the following steps: (a) reaction of a 2-methylpyridine 
N-oxide II with a carboxylic acid anhydride (R6CO)20 or a sulfonic acid 
anhydride (R7S02)20 [R6 = haloalkyl; R7 = (halo) alkyl or (un) substituted 
aryl] ; and (b) reacting the resultant intermediate III [R5 = OCOR6 or 
OS02R7] with a corresponding 2-mercaptobenzimidazole . The compds . I are 
useful as key intermediates for synthesizing corresponding sulfoxides with 
known antiulcer activity, e.g., omeprazole, lansoprazole, 

rabeprazole, or pantoprazole . The method offers a reduced number of steps, 
avoids production of irritating acid chlorides and (chloromethyl ) pyridines, 
and produces fewer residues and byproducts. For instance, reaction of 
2,3-dimethyl-4-nitropyridine with (MeS02)20 in refluxing CHC13 gave 94% 
2- (mesyloxymethyl) -3-methyl-4-nitropyridine methanesulf onate . Reaction of 
this mesylate with 2-mercapto-lH-benzimidazole and Et3N in CHC13 at 
5-20° gave 82% title compound IV. This intermediate was etherified 
at the nitro group with CF3CH20H and K2C03 (86%) , and S-oxidized from the 
sulfide to the sulfoxide using Na percarbonate and ammonium molybdate 
catalyst (90%) , to give lansoprazole (V) . 
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AB The invention concerns a method for oxidizing a thioether group into a 
sulfoxide group using aqueous sodium percarbonate in the presence of a 
molybdenum salt as catalyst. The method can be used to oxidize the 
thioether group in compds . I [Rl = C1-C6 alkyl, halo-Cl -C6 alkyl or 
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(CH2)nOR9 (n = 1-6; R9 = H, C1-C6 alkyl) ; R2-R6, R8 = H, C1-C6 alkyl , or 
C1-C6 alkoxy; R7 = H, C1-C6 alkyl, C1-C6 alkoxy or fluoro-Cl-C6 alkoxy] to 
the corresponding sulfinyl compds . Thus, a treating a methanol solution of 
2- [ [ [3 -methyl -4- (2 , 2 , 2 -trif luoroethoxy) -2 -pyridinyl] methyl] thio] -1H- 
benzimidazole with ammonium molybdate and sodium percarbonate and stirring 
15 h at 10° afforded 90% sulfoxide (lansoprazole) . 
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OCH2CF3 ; R4 = H, alkyl, PhCH2 , AcO, PhCH20, trialkylsilyl , neg. charge; R5 
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alkaline earth metal, third main group element, transition metal; S = solvent; 

k = 1-4; 1 = 1-3; m = 0-3; n >0; z = 1+m; with a proviso] and 

IlkMz (OR5)mSn [Y = alkoxy, aryloxy, OCH2CF3, alkoxyalkoxy, alkylthio, 

alkyl thioalkylthio; z = m; other variables as above] , were prepared Thus, 

4-nitro-2,3,5-trimethylpyridine N-oxide was heated in HOAc/Ac20 at 

20-100° for 1 h to give 88% 2-acetoxymethyl derivative, which was 

stirred at 10-30° with NaOH in EtOH for 1 h to give 84% 
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3, 5-dimethyl-2-hydroxymethyl-4-nitropyridine (II). II in MeOH was treated 
with ZnC12 and with NaOMe in MeOH to give 100% Zn(II)C10Me. 
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AB Title compds. I (Rl = H, OMe, OCHF2 ; R2 = Me, MeO; R3 = 3-methoxypropoxy , 

MeO, CF3CH20; R4 = H, Me) were prepared by oxidation of thio ethers II (R1-R4 = 

same as above) with m-chloroperbenzoic acid in nonpolar solvents and lower 

ales. Thus, oxidation of 2 -{ [4 - (3-methoxypropoxy) -3 -methylpyridin-2 - 

yl] methylthio} -IH-benzimidazole with m-chloroperbenzoic acid in toluene 

and methanol at -25° for 6.5 h gave 93.1% 2- { [4- (3-methoxypropoxy) - 

3 -methylpyridin-2 -yl ] methylsulf inyl } -IH-benzimidazole. 
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alkoxycarbonyl , aryloxycarbonyl , C02H, PhOCH2, CH20H or equivs . ) , were 
prepared by reaction of compds . (II; variables as above) under free radical 
conditions with R4 radical. Thus, 4-chloro-3 , 5 -dimethyl pyridine (preparation 
given) in aqueous H2S04/PhMe was treated with a mixture prepared from Et 

pyruvate 

and 30-35% aqueous H202 and with an aqueous solution of iron sulfate to give 
>90% Et 

4-chloro-3, 5-dimethylpyridine-2-carboxylate. This was converted to 
3 , 5 -dimethyl -2 -hydroxymethyl -4 -methoxypyridine . 
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AB The antisecretory agent lansoprazole (I) is prepared by a new, 

more economical, and less toxic process, in 3-4 steps starting from 
2 , 3 -dimethyl -4 -nitropyridine N-oxide (II). For example, reaction of II 
with CC13COC1 in refluxing CHC13, followed by NaOH in MeOH, and then 
workup and treatment with excess refluxing SOC12, gave 55% 
4-chloro-2-chloromethyl-3-methylpyridine [III; X = Z = CI]. Reaction of 
III [X = CI, Br; Z = halo, N02] with 2 -mercaptobenzimidazole and NaOH in 
aqueous MeOH gave >85% sulfides IV [Z = CI, Br, N02; n = 0] . Oxidation of the 
latter with potassium peroxymonosulf ate (62-76%) or with H202 and Mo or V 
acetylacetonate catalysts (71-82%) gave IV [Z = CI, Br, N02; n = 1] . 
These reacted with CF3CH20H and NaH in DMSO to give I in 72% (Z = CI), 80% 
(Z = Br), or 48% (Z = N02) yield. 
NO HIGHLIGHTING INFORMATION PRESENT 
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GI For diagram (s) , see printed CA Issue. 

AB In the title-referenced process for the preparation of pyridine N-oxides I 
pyridinemethanols II [R2, R3 = H, Me, OMe; R4 = CH2CF3, Et, iso-Pr, 
(CH2)30Me] / the improvement is characterized by reaction, in a solvent, of 
the reactive intermediate salts III or IV [D = variable-valence element; 
a, b = 0 or integer, with (a+b)>0] with a corresponding ale /derivative 
D(OR4)c-M+ [V; M = Lewis acid, protonated organic base, Si derivative]. 

Elements 

functioning as D include Pd, P, S, B, and Br. The method is applicable to 

preparation of intermediates for antiulcer agents, especially lansoprazole. 

For example, 0.4 mL PBr3 was heated with 5 mL CF3CH20H at 70° until 

formed HBr was eliminated (solution A) . Meanwhile, 3 g 85% KOH was added to 

10 mL CF3CH20H at 5°, with the temperature rising to 20-25° (solution 

B) . Upon dissoln. of KOH, solution A was added to solution B, followed by 2.5 

g 

2, 3 -dimethyl -4 -nit ropyridine N-oxide. Refluxing of the mixture for 2 h 25 

min gave complete reaction to a single product by TLC, namely 

2, 3 -dimethyl -4- (2 , 2 , 2-trif luoroethoxy)pyridine N-oxide (VI) . *Addnl. 

examples show preparation of VI using SC12 or Br2 in place of PBr3 . Evidence 

for the existence of the denitro-supercations in III and IV, and the 

superanions in V, is described. 
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* STRUCTURE DIAGRAM TOO LARGE FOR DISPLAY - AVAILABLE VIA OFFLINE PRINT * 

AB The preparation of compds. I [Z = OR4; X = CH, N; Rl = H, OMe, 0CHF2, OCH2CF3, 
OPr-iso, OBu-iso, cyclopropylmethoxy ; R2, R3 = H, Me, OMe; R4 = CH2CF3, 
Et, Pr-iso, Me, (CH2)30Me], which include antiulcer agents such as 



10/646,059 



lansoprazole, according to Spanish patent 9,102,594, is improved. 
The preparation involves: (1) "allylic" chlorination of the Me group of 
pyridine N-oxides II [Z = N02, halo, Me, OMe] ; (2) condensation of the 
products (e.g., Ill) with a corresponding thiol IV; (3) oxidation of the 
resultant thioether to give I [Z = same] ; and (3) conversion of the latter 
I to target compds . I [Z = 0R4] . The improvement involves conducting the 
chlorination of II (step 1) using either: (a) CC13COC1 in the presence of 
y-picoline and HC1 to give III; or (b) trichloroisocyanuric acid in 
the presence of benzamide, followed by deoxygenation of the resultant 
N-oxide, to give III. For example, chlorination of 2, 3 -dimethyl -4- 
nitropyridine N-oxide using method (b) in refluxing CHC13 gave 84% 
2- (chloromethyl) -3 -methyl -4 -nitropyridine N-oxide, which was deoxygenated 
by SC12 in CH2C12 at 0 to -10° to give 100% 2- (chloromethyl) -3- 
methyl-4-nitropyridine hydrochloride. Reaction of the latter with 
2-mercaptobenzimidazole in Me2CO under catalysis by DIMAC at 30-35° 
gave 90% thioether V. 
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LI ANSWER 28 OF 30 CASREACT COPYRIGHT 2 005 ACS on STN 



ACCESSION NUMBER: 
TITLE: 



INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



122:290859 CASREACT 

Process and catalysts for the preparation of 

2- [ [ (lH-benzimidazol-2-yl) thiol methyl] -3-methyl-4- 

(2,2,2-trifluoroethoxy)pyridinium N-oxide as an 

intermediate for lansoprazole bulk 

manufacture 

Monserrat Vidal, Carlos; Serra, 
Laboratories S.A. L. V.A.T. , S.A. 
Span. , 13 pp. 
CODEN: SPXXAD 
Patent 
Spanish 
1 



Marcia, Xavier 
, Spain 



PATENT NO. 



KIND DATE 



ES 2063705 

ES 2063705 
PRIORITY APPLN. INFO. 
GI 



Al 
Bl 



19950101 
19950716 



APPLICATION NO. DATE 

ES 1993-1312 19930614 

ES 1993-1312 19930614 




OCH2CF3 I 



AB The title compound, I, is prepared from 2 , 3-dimethyl -4 -nitropyridinium N-oxide 
in 3 steps and is used as an intermediate for the industrial -scale preparation 
of lansoprazole. 
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* STRUCTURE DIAGRAM TOO LARGE FOR DISPLAY - AVAILABLE VIA OFFLINE PRINT * 

AB A process for preparing a pyridine-benzimidazole compound of formula I in which 
either (a) R and Rl are each Me and R2 is methoxy; , or (b) R is 
1, 1, 1-trif luoroethyl and Rl and R2 are both hydrogen, which comprises 
oxidizing an amide of the formula (II) to produce the corresponding amide 
sulfinyl compound, subjecting the amide sulfinyl compound so formed to alkaline 
hydrolysis to form a sulfinyl carboxylate, or a salt thereof, of formula 
(III) in which X is an alkali metal, Y is hydrogen or a metal, or X and Y 
together represent a divalent alkaline earth metal; and decarboxylating the 
sulfinyl carboxylate of formula (III) to form the sulfoxide compound of 
formula (I), the groups R, Rl, and R2 in formulas (II) and (III) having 
the same meanings as given above, and the group R4 in formula (II) 
representing hydrogen, lower alkyl or aryl -lower alkyl, optionally further 
substituted by other functionality to assist in the hydrolysis step. 
NO HIGHLIGHTING INFORMATION PRESENT 
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AB Pyridine derivs . I [X = CH, N; Rl = H, OMe, OCHF2 , OCH2CF3, OCHMe2, 
OCH2CHMe2, cyclopropylmethoxy; R2, R3 = H, Me, OMe; R4 = CH2CF3 , Et, 
CHMe2, Me, (CH2)30Me ; except case of X = CH, Rl = OMe, R2-R4 = Me], used 
as antiulcer agents (no data) , are prepared in a min. of 7 steps from simple 
pyridines II by several synthetic variations. For example, 
2 , 3-dimethylpyridine underwent N-oxidation and 4-nitration (95%), 
monochlorination of the 2-Me group (95%), N-reduction and conversion to the 
HC1 salt (87%) , thioetherif ication of the CH2C1 group with 
2-mercaptobenzimidazole (87%), Pd (PPh3 ) 4 -catalyzed displacement of nitro 
by CF3CH20H (90%), and S-oxidation (75%) to give I [X = CH, Rl = R3 = H, R2 
Me, R4 = CH2CF3] , i.e. lansoprazole. 
NO HIGHLIGHTING INFORMATION PRESENT 



